We present a formulation of Double Field Theory with a Drinfeld double as extended spacetime. It makes Poisson-Lie T-duality (including abelian and non-abelian T-duality as special cases) manifest. This extends the scope of possible applications of the theory, which so far captured abelian T-duality only, considerably. The full massless bosonic subsector (NS/NS and R/R) of type II string theories is covered. 11.30.Ly Superstring theory is a very successful framework to explore quantum field theories and quantum gravity. Dualities lie at its heart by connecting the five perturbative formulations and M-theory. Especially T-duality is inherently linked to the extended nature of the string. Unfortunately, this term is a bit ambiguous because it is used in different contexts. Normally, it refers to abelian Tduality [1] which requires the two target spaces it links to have abelian isometries. But there is also a non-abelian counterpart (NATD) [2] . It only holds at the classical level but still admits to construct new string backgrounds, for example [3] . This provides an important tool in studying the underlying structure of the AdS/CFT correspondence. Like dualities are essential for string theory, integrability plays a similar distinguished role in this endeavor. Considering the close relation between string theory and AdS/CFT, it is not surprising that non-abelian T-duality also gives access to deformations of integrable models [4] . Based on these three pillars, NATD, AdS/CFT and integrability, many interesting results have been presented recently.
Nevertheless, it does not help with NATD and thus did not enter the line of research outlined above (a notable exception is [8] ). Hence, objective of this letter is to present a version of DFT with manifest abelian and nonabelian T-duality. In fact it implements the even more general Poisson-Lie T-duality [9, 10] which includes the former as special cases. We discuss the full bosonic part of type IIA/B SUGRA, also including the R/R sector.
Poisson-Lie T-duality: As it is the starting point for all following derivations, let us review the salient features of Poisson-Lie T-duality. We start from a bosonic σ-model with target space M which admits a free action of the Lie-group G. It is governed by the action
where E ij = g ij + B ij combines the metric on M with the anti-symmetric B-field. If we vary this action with respect to infinitesimal changes of the target space coordinates δx i = v a i δǫ a , where v a i is the left-invariant vector field on G, we find
with the Noether currents
In order to permit Poisson-Lie T-duality, these currents have to satisfy the on-shell integrability condition
where F bc a denotes the structure constants of the Liealgebrag corresponding to the dual Lie-groupG. Onshell, the variation (2) vanishes. In combination with the integrability condition for J a , this gives rise to the constraint
on the background. This equations reveals a remarkable feature of Poisson-Lie T-duality: In contrast to its abelian/non-abelian descendants, it does not require isometries. Of course, it still works with them present. In this case, the dual Lie-group is abelian and dJ a =0 holds. But in general the σ-model admits a non-commutative conservation law [9] . As v a i is the left-invariant vector field on G, its Lie derivative generates the corresponding Lie-algebra
c vc , denoted as g, with structure constants F ab c . By combining (5) with this commutator, we obtain a compatibility relation between the structure constants of g andg. It requires that these two groups are the maximally isotropic subgroups of a Drinfeld double D [11] with the bilinear, invariant pairing
where t a and t a are the generators of G andG, respectively. This double is the central object behind the whole construction. The dual σ-model
arises after exchanging its two subgroups G andG. Due to the integrability condition (4), solutions g(z,z) ∈ G of the field equations for (1) can be lifted to the Drinfeld
Using the alternative decomposition d =h(z,z)h(z,z) provides a solutionh(z,z) ∈G for the dual model [9] . After changing from the Lagrangian description to the Hamiltonian, the two models are connected by a canonical transformation on their phase space variables [12] . So at the classical level their dynamics is indistinguishable. It is convenient to exploit the underlying structure of the Drinfeld double to find an explicit expression for the metric and the B-field by integrating (5) . At the unit element of the double, and therewith also of G, we use a constant, invertable E 0 ab as initial conditions. What is left to do, is to transport it by the adjoint action to all other points g ∈ G [9] . More explicitly, if we denote the adjoint action as
one obtains
where E ij is the inverse of E ij . For the dual model, the same procedure applies with the adjoint action ofg instead of g and a map E 0 ab :g → g (the inverse of E 0 ab ) resulting iñ
A decomposition of the Drinfeld double in two maximally isotropic subgroups refers to a Manin triple. We are interested in the set M (D) of these triples for a given double D. It plays the role of the moduli space of dual σ-models and has at least two points originating from G/G and swapping them [10] . Abelian and nonabelian T-duality are special cases of this construction. While the former arises if the double is abelian and has
, where D denotes the dimension of the target space M , the latter results from a non-abelian G and an abelianG.
Double Field Theory on Drinfeld doubles: So far, we approached Poisson-Lie T-duality from the world-sheet perspective. Main objective of this letter is to show how this symmetry can be made manifest in the corresponding target space low-energy effective theory. As the Drinfeld double is essential to construct all dual backgrounds, it should be a fundamental part of this theory. Remember that D is a Lie-group equipped with a bi-invariant linear form (6) of split signature. Hence, the framework of DFT on group manifolds naturally applies. It was originally derived via Closed String Field Theory for a Wess-Zumino-Witten model [13] and afterward generalized to arbitrary, 2D-dimensional group manifolds [14] which admit an embedded into O(D,D). Its action
governs the dynamics of the generalized metric H AB , a symmetric, O(D,D) valued matrix, and the generalized dilation d on the extended space D. The indices A to F label the adjoint representation of the corresponding Lie-algebra d. They are lowered/raised with the O(D,D) invariant metric η AB and it inverse, which directly results from the pairing (6) as t A , t B = η AB . Furthermore, we need the η-compatible, covariant derivative
here for a vector density V A = (V a V a ) of weight w, in order to evaluate the action. It incorporates the structure constants F AB C of d and the flat derivative
expressed in terms of a partial derivative and the rightinvariant vector field E A I on D whose coordinates are X I = (x i x i ). Furthermore, there is the density part with F A = D A log E and E = det E A I . The action (12) is invariant under a local O(D,D) symmetry mediated by the generalized Lie derivative
which extends in the usual way to higher rank tensors like H AB (w = 0), and e −2d (w = 1). Closure of these infinitesimal transformations requires to impose the section condition
on arbitrary combinations of physical fields and gauge parameters, formally denoted by · . A technique to solve (16) was introduced in [15] .
They split into a background and a fluctuation part. Here the section condition (16) only applies for the latter [14] .
Finally, we need to connect the generalized metric H AB and the GL(D) element E ij used in the σ-model (1). Latter decomposes into the metric g ij and the B-field B ij which are embedded in the generalized metric
on the generalized tangent bundle T M ⊕ T * M over M . In order to clearly distinguish this bundle from T D, the corresponding indices and quantities are decorated with a hat. HÎĴ is linked to it flat counterpart by the generalized frame field
as HÎĴ = E AÎ H AB E BĴ . Note that the components of M A B were already introduced in (9). Taking furthermore E 0 ab = g ab + B ab and writing H AB like (17) but now with indices a, b instead of i, j, we indeed exactly reproduce the background (10) derived from the σ-model.
It is instructive to rewrite the action (12) and it gauge transformations (15) in terms of these hatted quantities. For the generalized dilaton d, we also have to take into account the volume form onG to introduce
A crucial part in the rewriting is to transform the covariant derivatives. It is straightforward to show that
holds if we assume that both Lie-groups G andG are unimodular. As result we get the action
of conventional DFT and the corresponding generalized Lie derivative after neglecting boundary terms and taking into account the section condition ∂Î · ∂Î · . Evaluating the integral in (12) over the unphysical directionsx i contributes the volume factor VG. After suppressing it, as it is common practice in DFT, and following [6] , we find the action
for the NS/NS sector of type II SUGRA with the curvature scalar R, the dilaton For the R/R sector the action on D,
is a straightforward generalization of [16] . It incorporates the O(D,D) Majorana-Weyl spinor χ and the spinor version S H of the generalized metric. We exclude timelike T-dualities, so this map is well-defined. Our Γ-matrices satisfy the canonical anti-commutator relation
AB . Additionally, the spin connection of the covariant derivative has to be fixed. We do so by requiring ∇ A Γ B = 0, resulting in
under the assumption D A Γ B = 0 and taking into account that χ is a density of weight 1/2. Generalized diffeomorphisms leave (23) invariant and are mediated by the generalized Lie derivative
Depending on its chirality, χ either captures the type IIA or IIB R/R gauge potentials. A convenient way to parameterize it is in terms of p-forms C (p) with even or odd degree as
Moreover, one has to impose the self-duality constraint
, where C is the charge conjugation matrix. As for the generalized metric in the NS/NS sector, we finally employ the spinor version S E of the generalized frame field (18) to make contact with the conventional DFT R/R action
where χ =ṽ −1/2 S E χ. Again the transformation of the covariant derivatives (20) plays the central role in this calculation. Here, it has to be adapted to spinors. After some Γ-matrix algebra ones find the simple identification
which makes the identity between (23) and (27) manifest. Note that / ∂ denotes the contraction with the Γ-matrices ΓÎ , while / ∇ takes Γ A . They are related by
. Assuming that the section condition holds, which is the case if χ depends on the physical coordinates only, (27) reduces to the democratic R/R action of type IIA/B SUGRA [16] .
Dual backgrounds: At least in the NS/NS sector, all essential parts of DFT on D have a natural analog on the world-sheet. This connection extends to the dual background which arises after swapping G andG. We require that each duality frame (with coordinates X I and X ′I ) parameterizes the same group elements
in the Drinfeld double. This equation describes the 2D-diffeomorphism X I → X ′I which is a manifest symmetry of our formulation [14] . It does not exists in conventional DFT. Requiring that in both duality frames H AB and the fluctuations of χ and d depend on the physical coordinates only, we have to choose them constant. This is in agreement with the world-sheet perspective, where E 0 ab is constant, too. Furthermore, we adapt the generalized frame field
becauseẼ AÎ would depend on unphysical coordinatesx
after applying (29). However, (30) still allows to reduce the action to (21) and (27). Now, we find
for the generalized metric which specifies the metricg ij and the B-fieldB ij of the dual background (11) . For the generalized dilaton d = d + 1/2 log v holds. Finally, assuming a constant fluctuation part of χ, the R/R field strengths spinor transforms covariantly 
33) whereẽ
Tẽ =g and e is the left-invariant Maurer-Cartan form on G. Note that the Λ appearing here is the one found in (2.8) of [17] by comparing the chiral and antichiral components of the world-sheet current (3). Starting for this observation, it is straightforward to show that (32) matches their transformation prescription.
In summary it is evident that DFT on a Drinfeld double is a natural proposal for a low-energy effective target space theory with manifest Poisson-Lie (and therewith non-abelian) T-duality. It provides a powerful framework to address the questions outlined in the first paragraph of this letter. Merging these two lines of research seems now feasible and hopefully will produce many new insights on both sides.
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